Background. Safe care of sedated children requires ongoing assessment of the depth of sedation to permit early recognition of progression to over-sedation. This study evaluated the validity and reliability of the University of Michigan Sedation Scale (UMSS) as a measure of sedation during procedures. The UMSS is a simple observational tool that assesses the level of alertness on a ®ve-point scale ranging from 1 (wide awake) to 5 (unarousable with deep stimulation).
The increased use of sedation to facilitate diagnostic and therapeutic procedures in children has led to the provision of care by non-anaesthetists in many settings. 1±3 In response, a report from the Royal Colleges of Anaesthetists and Radiologists has emphasized careful titration of sedation depth to prevent excessively deep sedation and its associated risks by non-anaesthetists. 4 Furthermore, practice guidelines from the American Academy of Pediatrics (AAP) and the American Society of Anesthesiologists (ASA) have been developed to ensure consistent monitoring and care of sedated children regardless of who provides such care. 5 6 These guidelines stipulate that the level of consciousness and responsiveness should be assessed regularly and documented until the sedated patient satis®es speci®c discharge criteria. Frequent monitoring should permit early recognition of a child's progression into deep sedation and appropriate escalation of monitoring. Accurate assessment of the depth of sedation requires a tool that is reliable and valid, yet is easy to use in the clinical setting. A variety of tools has been developed to assess the depth of sedation in both the research and the clinical setting. 7±15 Those scales that have been shown to be valid and reliable measures of sedation are somewhat lengthy 8±10 and, while useful as measures of sedation for research studies, they are cumbersome for frequent assessment of sedation in the clinical setting. The University of Michigan Sedation Scale (UMSS; see Appendix) was devised as a simple scale to facilitate the rapid assessment and documentation of the depth of sedation in all patients who receive a sedative agent for a diagnostic or therapeutic procedure. The purpose of this study was to evaluate the validity and reliability of the UMSS in a group of children undergoing sedation for a diagnostic procedure.
Methods
With approval from the Institutional Review Board at the University of Michigan and written consent from a parent or legal guardian, we studied healthy children (ASA I, II) aged 4 months to 5 yr who were scheduled to undergo sedation for an outpatient computed tomography (CT) procedure. Children who were severely medically compromised and those with moderate to severe cognitive impairment were excluded.
All children in this study received chloral hydrate 50±75 mg kg ±1 orally, which is routine practice for outpatient CT at our institution. The paediatric CT nurse monitored all children throughout the procedure according to institutional sedation guidelines, which included pulse oximetry in all cases. The child's level of sedation was assessed and documented by the CT nurse before administration of the sedative agent and every 10 min after administration until the child was discharged, with the exception of the time during the CT scan, when the children were left undisturbed. The level of sedation was scored using the UMSS and proceeded with an assessment of the child's response to voice, light stimulation, such as stroking the face, and deeper physical stimulation, such as massaging the upper back or tickling the chest or axilla. A trained research assistant videotaped the child during each assessment. Children were discharged home when institutional discharge guidelines were met. Criteria for discharge included return to baseline vital signs and level of consciousness, ability to maintain a patent airway and the presence of protective airway re¯exes (i.e. gag and swallow).
When all observations were complete, videotaped segments were coded and edited and their order was randomized. Four nurses, experienced in the care of sedated children and postanaesthesia recovery, independently viewed the videotapes and scored the level of sedation using the UMSS. To determine test±retest reliability, 75 randomly selected segments were viewed and scored on a second occasion, several weeks after the ®rst session of observations. Additionally, one of the nurses observed all segments and assigned sedation scores using a 0±10 cm visual analogue scale (VAS; 0=awake and alert; 10=un-arousable) that globally rates sedation, and another using the Observer's Assessment of Alertness/Sedation Scale (OAAS), 8 a sedation scale previously validated in children. Each of these nurse observers was blinded to the administration of sedative agents.
Statistics
All analyses were performed using SPSS software (SPSS, Chicago, IL, USA). Construct validity refers to the degree to which a tool actually measures the characteristic that it is intended to measure. In this case, scores were expected to increase after sedative administration and decrease over time before discharge. To evaluate the construct validity of the UMSS, the Wilcoxon signed rank test was used to evaluate the change in score over time after sedative administration. Criterion validity is the degree to which the measurement agrees with other approaches for measuring the same characteristic. To determine criterion validity, scores from the UMSS were compared with those from the VAS and OAAS. Because the metrics were different between the UMSS, VAS and OAAS, z-transformations of the scores were performed and comparisons were made using Spearman's rank order correlation coef®cients (Spearman's r). Correlation coef®cients and kappa (k) statistics for levels of agreement were used to determine interobserver and test±retest reliability of the UMSS scores. The k statistic is a measure of agreement that allows for observer variability for categorical data and corrects for chance levels of agreement. 16 Kappa values of 0.4 or greater were considered to provide acceptable agreement. Signi®cance was accepted at the 5% level (i.e. P<0.05). Data are presented as mean (SD) where applicable.
Results
Thirty-two children, 4 months to 5 yr of age (mean 1.5 yr), were enrolled in this study. Validity and reliability analyses were based on 164 observations made throughout the care of these children during their sedation experiences. The mean time from sedative administration to the start of the procedure was 31 (SD 10) min (range 15±55). The mean duration of CT scan was 18 (10) min. The time to discharge varied: the mean time from administration of sedation to discharge was 71 (12) min (range 40±100) and from the end of the procedure to discharge it was 22 (7) min (range 10±35).
Validity
Construct validity was supported by the signi®cant increase in sedation scores assigned by the blinded observers from baseline to 10, 20, 30 and 40 min (P<0.0001) and a signi®cant decrease in scores from immediately after the procedure to 10, 20 and 30 min thereafter (P<0.0001) ( Table 1) . Criterion validity was supported by the excellent correlations between the UMSS and VAS scores (r=0.955, n=164, P<0.0001) and between the UMSS and OAAS scores (r=0.929, n=164, P<0.0001).
Reliability
Interobserver agreement data for each level of sedation de®ned on the UMSS and for discharge scores are presented in Tables 2 and 3 . Agreement between the blinded observers was good for scores at each level of sedation and at discharge. Additionally, there was excellent agreement between the CT nurse and blinded observers for sedation scores of 0 and 1, but less agreement for scores of 2 and 3, and poor agreement at discharge. There was a signi®cant correlation between UMSS scores of the blinded observers and the CT nurse (Table 4) . However, the CT nurses' scores tended to be lower than the blinded observers' average scores 30 and 40 min from baseline and immediately after the scan to discharge (P=0.02 immediately after scan; not signi®cant for all other assessment times) ( Table 1) . Test±retest reliability of the UMSS scores at each level of sedation was supported by the excellent agreement in the observers' scores between the ®rst and second observations (range 67±100% agreement; k=0.687).
Discussion
One of the most important elements of monitoring children who are sedated for a diagnostic procedure is frequent assessment of the depth of sedation. 5 6 17 Children may move rapidly from lighter levels of sedation to deep sedation, so that escalation of monitoring and a greater degree of vigilance become necessary. 5 The practical aspects of repeated assessment of sedation require a tool that accurately detects changes in level of sedation and is reliable, yet is simple to administer and document without interfering with the procedure. The UMSS was devised as such a tool, and our study demonstrates that this scale has a high degree of validity in detecting changes in depth of sedation, as well as good interobserver reliability between blinded observers.
Several sedation scales have been devised and studied for use in the research setting and the intensive care unit, and for sedation during procedures. 8 18 12 The OAAS was designed to measure changes in level of alertness during procedures. However, its ability to capture the deep levels of sedation that are frequently encountered in the paediatric setting is somewhat limited. 8 The Neurobehavioral Assessment Scale and the Vancouver Sedative Recovery Scale (VSRS), on the other hand, provide more discriminating measures of the depth of sedation, with emphasis on the extreme ends of the scale. 9 18 Although validity has been established for each of these tools, their length and/or content preclude repeated use during procedures. Indeed, Macnab and colleagues have reported an average assessment time of 4 min for scoring the VSRS. 18 The UMSS was devised as a simple, ef®cient tool to assess the depth of sedation over the entire continuum from awake to Validity and reliability of UMSS sedation scale unarousable, as discussed and de®ned in the AAP and ASA guidelines. 5 6 This tool was intended to provide a standardized method for assessing sedation, primarily for areas where non-anaesthesia providers are caring for sedated patients.
There are several tests to determine the validity of an instrument, the most important of which, perhaps, is the measurement of construct validity. The construct validity of the UMSS as a measure of sedation was supported by the increase in sedation score after the administration of the sedative agent and the subsequent decrease in score as the sedative effects wore off. This measure of validity was strengthened by the fact that the independent observers were blinded to the timing of each videotaped segment relative to drug administration, thereby reducing the bias that may otherwise in¯uence the sedation score. Additionally, the high degree of correlation between the UMSS scores and those of the VAS and OAAS demonstrates the criterion validity of the UMSS.
Our study found good agreement between the blinded observers' sedation scores as well as a high degree of test±retest reliability. Conversely, we found less agreement between the blinded observers' scores and those assigned by the CT nurse. The CT nurses' scores tended to be lower than those of the blinded observers from 30 min after drug administration to discharge. Although video recordings captured the nursing assessment and appropriate stimulation of the child, it is important to note that the blinded observers based their scores on these brief taped segments only, whereas the CT nurses may have incorporated other contextual indicators of the child's sedation course into their assessments. On the other hand, these ®ndings may re¯ect a clinical bias towards underestimating the depth of sedation, perhaps to avoid escalation of monitoring or to expedite the discharge of children after the procedure. The emphasis on rapid patient turnover in busy radiology settings may, in some cases, in¯uence patient assessment such that some children may be discharged prematurely. Indeed, Cote Â has previously alluded to, and cautioned against, a similar clinical bias towards liberalizing the de®nition of conscious sedation for the convenience of the practitioner. 19 These ®ndings suggest that further education of non-anaesthesia caregivers may be necessary to ensure accurate and objective assessment of the depth of sedation. Additionally, in busy settings that require rapid patient turnover, the availability of a centralized recovery area, such as a postanaesthesia care area, may facilitate appropriate discharge criteria for all patients.
It has been recommended that sedative drugs administered by non-anaesthetists should have a wide margin of safety so that unintended loss of consciousness becomes unlikely. 4 All children in our sample received chloral hydrate in moderate doses because of its purported margin of safety. While the intent in each case was to produce moderate sedation, a signi®cant number of children were observed to be deeply sedated, and even unarousable at one time-point or more during the sedation episode. All children were monitored with pulse oximetry according to institu- Table 3 Interobserver agreement for UMSS scores at discharge (total observations=32). n represents the range in number of observations scored at that level of sedation. tional standards, and none required escalation of care during the study period. As we did not follow these children beyond discharge, it is unknown whether any child experienced an adverse event at home. These data highlight the importance of careful monitoring of all children, regardless of the sedative agent used or its route of administration. While our ®ndings suggest good overall validity and reliability of the UMSS, there was some variability between observers at moderate to deep levels of sedation. Such variability may limit the usefulness of the UMSS in research settings that require a high degree of precision, such as in rigorous pharmacological studies that compare the potency of sedative regimes. However, our data support the ability of the UMSS to capture changes in the child's depth of sedation, and can therefore provide a useful tool in busy clinical settings that require frequent and rapid sedation assessment.
Ongoing assessment of the depth of sedation is important for early identi®cation of the patient's progression into deep sedation and the potential loss of protective re¯exes. The tool used to assess sedation must be able to capture this progression suf®ciently. This study demonstrates that the UMSS is a valid measure of depth of sedation and has good interobserver and test±retest reliability. The tool has good clinical utility in that scores can be readily assigned when frequent assessment is indicated. Although the AAP and ASA guidelines require ongoing assessment throughout the procedure, it is impractical to do this just before and during the diagnostic procedure itself, as Hatch and Sury have suggested. 20 During this time, when sedation may be deepest, continuous pulse oximetry, assessment of vital signs and, in some cases, capnography may facilitate the safe monitoring of the child.
This study has evaluated the validity and reliability of the UMSS as a measure of sedation in young children undergoing non-painful procedures. Extrapolation of these data to other settings, including painful procedures and other populations, requires further investigation. Validity and reliability of UMSS sedation scale
